g. The supernatant fluid was then centrifuged at 20,000 X g for 1 hr and the phage pellet was resuspended in 0.15 M NaCl-0.01 M Tris buffer (pH 7.6). The plating efficiency of each preparation of amber mutants on E. coli B/5 (the nonpermissive host) was less than 0.005% of that on E. coli CR63.
Stocks of temperature-sensitive T4 mutants were obtained by phage ififection of E. coli B/5 at 250. E. coli B/5 was grown at 250 in H-medium. At a cell titer of 5 X 108, phages were added at a multiplicity of 0.1. The culture was grown at 250 until lysis occurred after 6 hr. The phages were purified as described above for the T4 amber mutants. The plating efficiency of the preparations of temperature-sensitive mutants at 420 was less than 0.001% of that at 250; wild-type phage showed equal plating efficiency at both temperatures.
(b) Preparation of cell extracts: Extracts of T4 amber-infected cells were prepared in the fol- 20 min, 0.05 ml of 5 mM Pi, 0.05 ml of 5 mM PPi, 0.5 ml of 1 N HCl, 0.2 ml of a Norit suspension (20% packed vol), and 1 ml of water, all at 00, were added in succession. The suspension was mixed and the Norit was collected by filtration through a glass filter (Whatman GF/C glass paper, 2.4-cm diameter) and washed with four 3-ml portions of 0.01 N HC1. The papers were dried and the radioactivity was determined in a thin-window gas-flow counter. One unit of enzyme is defined as the amount catalyzing the conversion of 1 Polynucleotide kinase and polynucleotide ligase assays were carried out at 370 as described in Experimental Procedure. All the mutants are single amber mutants except for XF16 (genes 32 and 33), XF1
(genes 41-45), and XF21 (genes 46, 47, 49, and 55).
* The am H39 has recently been shown by Hosoda23 to be a double mutant containing the H39 (gene 30) mutation and a second mutation which prevents the induction of HMC-a-glucosyl transferase in phage-infected cells of E. coli B and E. coli CR63. The am H39X designates a phage carrying the amber mutation in gene 30 which has been freed of the HMC-a-glucosyl transferase defect by crossing with wild-type phage. 23 The extracts of H39 phage-infected E. coli B/5 described above contained no de- The time of appearance of ligase activity in the permissive host after infection by am H39 or by am H39X was nearly identical to that observed after infection by wild-type T4 (Fig. 1) , although the activities were approximately one half those induced by wild-type T4 at comparable times. On the other hand, infection of the nonpermissive host by am H39 failed to induce ligase activity at any time during the 20-min period examined (Fig. 1) . This is to be compared with normal induction of polynucleotide kinase in both the permissive and nonpermissive hosts. The am E605 induced the synthesis of a heat-labile ligase in the permissive host which could only be detected by assay at 250 and whose activity was only 10 per cent of that observed in cells infected with wild-type phage.
Temperature-sensitive mutants of T4: On the basis of our studies with the amber mutants, three temperature-sensitive mutants of T4 known to map in gene 3010 were examined for the production of a temperature-sensitive ligase. Cells were infected with wild-type T4 and with temperature-sensitive mutants of T4 (ts B20, ts A80, and ts N7) at 250. Extracts of these infected cells were assayed for polynucleotide ligase activity at 250 and at 370 ( Table 2) . Table 2 . * See footnote to Table 2. per cent of the reaction observed in the standard assay at the higher temperature occurred during the first five minutes of incubation. At 250 the reaction was linear with time ( Fig. 2) Table 3 . Each tube contained 1 X 10-4 unit of enzyme based on assay at 25'. The tubes were incubated at 250 or 37'. At the times indicated tubes were removed from the incubation bath and the extent of the reaction was determined as described in Experimental Procedure. As shown in Figure 3, In experiments with the multiple amber mutant T4 am XF1 (genes 41-45), Anraku and Tomizawa9 were able to identify recombinant DNA molecules joined only by hydrogen bonds when infection was carried out in the nonpermissive host. The experiments described in this paper show that am XF1 induces normal levels of polynucleotide ligase in nonpermissive hosts. Furthermore, the ligase purified from E. coli B infected with T4 am XF1 can repair single-strand breaks in DNA as demonstrated by sedimentation analysis.26 If the ligase is responsible for the covalent joining discussed above, then it seems likely that the defect in am XFL consists Qf its inability to convert the DNA containing hydrogen-bonded fragments to a substrate for the ligase. This defect in the DNA could be the persistence of a gap between the two polynucleotide fragments or an excessive length of a strand at the joining site. A second amber mutant of T4, am A453 (gene 32), has been found by Tomizawa et al.27 to be defective in the formation of hydrogenbonded recombinant molecules. As shown in Table 1 , we find normal levels of polynucleotide ligase in nonpermissive cells infected with a gene 32 mutant. If the major role of the ligase in vivo is the covalent joining of interrupted polynucleotide strands, then it may be possible to isolate DNA molecules, similar to the "joint" or hydrogen-bonded molecules described by Anraku and Tomizawa,9 from E. coli B infected with gene 30 mutants. Such molecules may contain single phosphodiester bond interruptions and therefore serve as a substrate for polynucleotide ligase in vitro. 
